I. Introduction
Ozone is a special form of oxygen, made up of three oxygen atoms. It usually forms when some type of radiation or electrical discharge separates the two atoms in an oxygen molecule (O 2 ), which can then individually recombine with other oxygen molecules to form ozone (O 3 ). The ozone layer is a layer in earth's atmosphere which contains relatively high concentrations of ozone (O 3 ), although it is still very small with regard to ordinary oxygen, and is less than ten parts per million, the average ozone concentration in Earth's atmosphere being only about 0.6 parts per million [1] . Atmospheric optics uses lasers for the remote probing of the atmosphere, including the measurement of traces of pollutant gases, temperature and water vapour concentration. The first precision measurement of ozone in the atmosphere was made using laser remote sensing. The passage of a laser beam through the earth's atmosphere is affected by the atmosphere in many ways. The attenuation and fluctuation of the optical parameters of the penetrating radiation are due to absorption by molecular bands or scattering by atmospheric species. Precise knowledge of spectra of ozone is imperative for accurate measurements involving the propagation of a laser beam through the atmosphere. Infrared spectra of 16 [2] . This spectral region corresponds to the band and the width of the lines was then 0.01cm -1 , due to pressure broadening. A computer program was developed by Dryson in 1966 to determine the atmospheric transmittance by direct integration (line-by-line) method across the absorption band, using theoretically calculated line position and strength [3] . The LBL algorithm has been used to evaluate the absorption co-efficient to high numerical accuracy [4] . The most accurate theoretical procedure to calculate the absorptance of a vibrational rotational band is probably the line-by-line method or direct integration method [5] . The line-by-line approach provides a mean of direct consideration of the detailed spectral structure of the gases from the microwave to the infrared [6] . The quasi-random model of molecular band absorption is a variant of one of the methods described by Goody and Yung [7] . Infrared transmittances, based on the quasi-random model, have been calculated for H 2 O and CO 2 and the results fitted with experimental measurements [8, 9] . In this work we consider a tunable laser having line width very narrow in the vicinity of 4220 cm 
II.
Methods of computation 2.1 Quasi-random model A detail description of the quasi-random model can be found elsewhere [10] . The quasi-random model characterizes the wing effects accurately, i.e. it takes into account the absorption of spectral lines in as many neighboring intervals as necessary. Each interval , over which the average transmittance is required, is further divided into smaller intervals . Each line may be said to be localized within an error defined by the interval size . These elementary intervals are chosen small enough to ensure an accurate description of the important band characteristics, yet large enough to simplify the calculations. All the lines falling within a given order of magnitude are subsequently averaged, and each line in each intensity sector is then associated with the appropriate average value. Since the top five intensity sectors in each frequency interval are found to be sufficient to describe the absorptive properties associated with the lines therein. The quasi-random model localizes each line within an error defined by the interval size . The transmittance at a frequency , as affected by n p lines within the interval  p is computed from the expression
where n i represents the number of lines within the intensity range i, which itself is characterized by an average intensity S i ,  is the half width at half maximum, u is the absorber thickness, and  i refers to the centre of the line. The gases of the atmosphere are usually measured by the unit atmosphere centimetre (atm-cm). This measurement unit is used to define an atmospheric gas distributed along a path reduced to a layer at STP, provided the other gases are excluded. The resulting thickness is then expressed in atm-cm, given by u = cLP, where c is the fractional concentration of the absorber, L is the path length in cm and P is the pressure in atmosphere.
Line-by-line model
This method consists of calculating the absorption co-efficient, and then the transmittance, at a large numbers of frequency locations within the spectral range of interest. Since absorption co-efficient is a fast varying function of frequency, it has to be evaluated at very closely spaced locations. The total absorption coefficient at any frequency location is made up of contributions from a large number of lines in the vicinity of that frequency. The monochromatic volume absorption coefficient k at a frequency  can be computed as 1 ( , )
Where b (,  i ) is the Lorentz shape factor defined by 2 2 ) (
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III. Computation of absorptance
The calculation of the transmittance requires knowledge of the frequency and intensity of each and every spectral line which contributes significantly to the absorption in the frequency range of interest. 
Next, transmittance values are obtained for another set of frequency intervals whose centers are shifted by half the interval size (0.05 cm -1 ) from the original positions of the centers of the intervals. This is done in order to minimize the error associated with the occurrence of lines at frequencies near the edges of a given interval. The results for the shifted and un-shifted intervals are averaged, and thus we obtain the average transmittance over a 0.1 cm -1 interval.
IV. Results and discussion
Results of the study on the propagation of a 4220 cm -1 free electron laser beam through three different path lengths (0.1, 0.5 and 1 atm-cm) of the absorber (atmospheric ozone) are given in TABLE 2 and displayed in the Fig. 2, 3 and 4 for quasi-random-model and line-by-line model. The basic shapes of the absorptance versus frequency curves in the two models have come out to be similar. Because of the consideration of bands instead of lines, variations in quasi-random model values are generally observed to be not as sharp as those in the line-by-line values. The quasi-random curves are relatively smoother as compared to the LBL ones. The prominent absorptance peaks are observed due to the presence of very strong lines near those regions. Thus we see that the experimental data taken for this work agree well with the results. This concludes that the quasirandom model for simulating the intensity distribution by grouping the lines in a given frequency interval works reasonably well  a fact established in recent times for important atmospheric species like nitrogen [11, 12] , sulphur dioxide [13] and methane [14] .
V. Conclusion
After comparing the results of the quasi-random-model with line-by-line method and experimental results, S. N. Tiwari and N. Mirakhur recommended the use of the quasi-random model for evaluation of the atmospheric radiation [15] . As concluded by Goody and Yung in their monograph [7] , in some circumstances the random models might be sufficient, and required less computer time. From the figure it is evident that values obtained from the quasi-random model show reasonably good agreement with those generated from consideration of each line. Hence quasi-random model could be conveniently used in the case involving a large number of lines, for both accuracy and time saving. The frequency dependent absorptive power of molecule is an important topic in atmospheric optics and astrophysics and hence the application prospect of the quasirandom model in atmospheric optics is quite bright. In this work, the broadening of the lines is assumed to be homogeneous, as the rotational lines are observed to be sufficiently fine. Therefore, there is a scope to generalize the model for inhomogeneous broadening as well. Till now, a large number of high resolution absorption spectra of other diatomic and polyatomic molecules have been reported; the present work could easily be extended to these spectra. Temperature and pressure dependence of the linewidth, and consequently of the absorptance, is the aspect that calls for further research. 
